
*>*TE8 <* 



UNITED STATE3i^ARTMENT OF COMMERCE 
Patent and Trade Ok Office 



020455 
LATHROP CLARK 

122 te? washinstqw avenue 

P O BOX 1507 

madison m 53701-1507 



NOTICE OF ALLOWANCE AND ISSUE FEE DUE 

121/1229 



APPLICATION NO. 


FILING DATE 


TOTAL CLAIMS . 


EXAMINER AND GROUP ART UNIT 


DATE MAILED 


03/899. 198 


07/23/97 


003 MEL I LBS v T 3671 


12/29/98 


First Named 8UKNSrK. 
Applicant 




35 USC 


154(b) terra ext. = 0 B-ays- 



INVENTION 



ATTYS DOCKET NO. 


CLASS-SUBCLASS 


BATCH NO. 


APPLN. TYPE 


SMALL ENTITY 


FEE DUE 


DATE DUE 


3 F I SHEAR -6 


056-255,, 0Q0 N35 


UTILITY 


YES 


$605- 00 


03/29/99 



THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PA TENT. 
PROSECUTION ON THE MERITS IS CLOSED. 



THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS 
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STA TUTORY PERIOD CANNOT BE EXTENDED. 



HOW TO RESPOND TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 
If the SMALL ENTITY is shown as YES, verify your 
current SMALL ENTITY status: 

A. If the status is changed, pay twice the amount of the 
FEE DUE shown above and notify the Patent and 
Trademark Office of the change in status, or 

B. If the status is the same, pay the FEE DUE shown 
above. 



If the SMALL ENTITY is shown as NO: 



A. Pay FEE DUE shown above, or 



B. File verified statement of Small Entity Status before, or with, 
payment of 1/2 the FEE DUE shown above. 

II. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your 
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal 
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section "4b" of Part 
B-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give application number and batch number. 
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance 
fees when due. 

PATENT AND TRADEMARK OFFICE COPY 

PTOL-85 (REV. 10-96) Approved for use through 06/30/99. (0651-0033) 

•U.S. GPO: 1998-437-639/80023 




UNITED STAT DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C. 20231 



APPLICATION NUMBER 



FIRST NAMED APPLICANT 



ATTORNEY DOCKET NO 



0£VS99. 19tf 07/23/97 



TURN!: R 



f 1 13HBAIW 



PM21/1229 



LATHROP CLARK 
122 W WASHINGTON AVENUE 
P O BOX. 1^07 
MADISON W) 53701 -1507 



This is a communication from the examiner In charge of your application 
COMMISSIONER OF PATENTS AND TRADEMARKS 



PAPER NUMBER I 

~ 



3671 
DATE MAILED: 



12/29/98 



NOTICE OF ALLOWABILITY 

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMA I NS ) CLOSED in this application If not included herewith (or 
previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be bailed inTe course ( 

&2T This communication is responsive to j^t- rtyti^d^t j^ scdrt^^phiJ ^ Die /*f J<ft $ 



The allowed claim(s) is/are _ 



□ The drawings filed on _ 



_ are acceptable. 



□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d). 
□ All □ Some* D None of the CERTIFIED copies of the priority documents have been 

□ received, 

□ received in Application No. (Series Code/Serial Number) 



□ received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
•Certified copies not received: 



□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1 19(e). 

FR S n5™p N ^ F0R REPL C . Y t0 Comply with the re q uir ° m ents noted below is set to EXPIRE THREE MONTHS 

FROM THE DATE MAILED" of this Off.ce action. Failure to timely comply will result in ABANDONMENT of this application. Extensions of 
time may be obtained under the provisions of 37 CFR 1 .1 36(a). cxien&ions oi 

□ Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath or 
declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. ' discloses mat the oath or 

[^Applicant MUST submit NEW FORMAL DRAWINGS 

LI because the originally filed drawings were declared by applicant to be informal. 

ti/f including changes required by the Notice of Draftperson's Patent Drawing Review, PTO-948, attached hereto oMo Paper No. 

D !$S e^TO™ ^ pr0p0S6d drSWinfl correction filed on which has been approved 

□ including changes required by the attached Examiner's Amendment/Comment. 

{rS^SIXi 1 ? ih« STUL™ 1 ? a PP ,icatl01 : numbor (f ee 37 CFR 1 -84(c)) should be written on the reverse side of the drawings. 
The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftperson. orawm9S ' 

□ Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Any reply to this notice should include, In the upper right hand comer, the APPLICATION NUMBER (SERIES CODE/SERIAL NUMBER) If 
^wlirV^ 6 ' M d ? N 2^ e ° Allowance and Issue Fee Due. the ISSUE BATCH NUMBER and DATE of the NOTICE OF 
allowance should also be included. 

Attachment(s) 

□ Notice of References Cited, PTO-892 

□ Information Disclosure Statement's), PTO-1449, Paper No(s). • 

[^Notice of Draftsperson's Patent Drawing Review, PTO-948 

□ Notice of Informal Patent Application, PTO-152 

□ Interview Summary, PTO-413 

□ Examiner's Amendment/Comment 




□ Examiner's Comment Regarding Requirement for Deposit of Biological Material 

□ Examiner's Statement of Reasons for Allowance 



'LEE MELIUS 
PRIMARY* EXAMINER 



PTOL-37 (R»v. Ml) 



Rotary cutter blade standards have been developed to provide desired levels 
of blade performance and safety. An industry standard of relevance to rotary cutter 
blades is the "Blade Impact Test" of ASAE S474, Agricultural Rotary Mower 
.Safety. This test drops a mower with blades rotating onto a two-inch diameter steel 
stake. No part of the mower or mower component can fail in a way hazardous to 
anyone in the area. This test will determine the weak link, if any, in the machine 
and impacts the blade in a worst case manner. 

Despite industry standards, rotary cutter blades may still fail, even when 
those blades satisfy standards with respect to material grade, heat treat process, and 
hardness and bend tests for ductility. Failures due to wear and bending beyond a 
usable shape are the most common. These failures are often the result of 
specifications which tend toward low blade hardness and high ductility at the 
sacrifice of yield strength and wear resistance. These type of failures cause 
inconvenience and expense. Fatigue failures can be reduced by blade design and by 
increased hardness. Increased hardness will also reduce failures due to bending and 
wear. Mitigating the benefits of increased hardness in conventional blades, is the 
tendency of the higher hardness material to suffer unacceptable catastrophic impact 
failure. 

High carbon steels exhibit desirable higher levels of hardness, but present 
several drawbacks in rotary blade applications, such as in a mower or cutter. High 
carbon steels are difficult to work, and cause accelerated tool wear, adding to 
manufacturing costs. Furthermore, the higher hardness of the high carbon steels is 
coupled with reduced toughness. Li addition, higher carbon and alloy content steel is 
more costly, and the annealing required adds further costs to the finished blade. 

Boron steels, such as 10B38, have been used for lawn mower blades in lawn 
mowers. Boron steels exhibit desirable high levels of toughness, but in prior art 
mower blades, have been susceptible to wear at a greater than optimum rate. These 
blades also have less than optimal resistance to edge deformation, bending, and 

2 



« 4 



fatigue, and do not perforin as well in these respects as traditional higher carbon and 
alloyed steels. 

Although the cost for a mower blade is small compared to the equipment 
: cost, replacement of blades is a time-consuming operation. Hence the time between 
blade replacements is best extended as much as possible. 

What is needed is a rotary cutting blade which presents high hardness to 
increase wear life, while at the same time exhibiting acceptable toughness levels to 
insure satisfactory operation and passage of standard blade impact tests. 

SUMMARY OF THE INVENTION 
The rotary blade of this invention has elevated levels of toughness and 
hardness, achieved by heat treating a boron steel blank. The hardness of the boron 
steel is elevated by a marquenching or other suitable quench heat treatment to 
somewhere between 48 and 55 on the Rockwell Hardness Scale per ASTM E48, If 
necessary, stress relief with heat may be applied. This high hardness reduces the 
toughness of the material somewhat However, because of the iron carbide 
morphology and distribution, once treated it is still at an acceptable level of 
toughness. The blade thus exhibits increased wear life due to its hardness, while 
offering salutary impact resistance and safety due to its high toughness. 

It is an object of the present invention to provide a rotary blade which has 
hardness levels of between 48 and 55 on the Rockwell Hardness Scale. 

It is an additional object of the present invention to provide a mower blade 
which exhibits high resistance to wear while at the same time being resistant to 
breakage 

It is a further object of the present invention to provide a cutter blade which 
may be cold worked. 

Further objects, features and advantages of the invention will be apparent 
from the following detailed description when taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of the process for manufacturing -the rotary 
cutting blade of this invention, 

FIG. 2 is an isometric view of an exemplary blade produced according to the 
5 process of FIG. 1. 

FIG. 3 is a Scanning Electron Microscopy (SEM) Mag. 1000X photograph of 
a prior art material AISI 9255 46 Rockwell C Hardness. 

FIG. 4 is a Scanning Electron Microscopy Mag. 5100X photograph of the 
sample of FIG. 3. 

io FIG. 5 is a Scanning Electron Microscopy Mag. 1000X photograph of a 

sample of the blade material AISI 10B38 of this invention hardened at 50 Rockwell 
- 5 C Hardness. 

-^L FIG. 6 is a. Scanning Electron Microscopy Mag. 5100X photograph of the 

^ sample of FIG. 5. 

? is DESCRIPTION OF THE PREFERRED EMBODIMENT 

^ Referring more particularly to FIGS. 1-6, wherein like numbers refer to 

^ similar parts, the process for producing rotary blades 20 such as for a mower is 

^ shown schematically in FIG. 1. A fragment of an exemplary disc mower 22 is 

shown in FIG. 2. Disc mowers are used to harvest grass crops, and employ 
; 20 multiple blades 20 which are fastened to rotating discs 24 which are driven in unison 

by a gear train 26 mounted to the mower bar 28. In many instances, the mower 
blades are positioned very close to the ground, to achieve maximum crop harvest, 
and thus are susceptible to impact with loose rocks, uneven ground, ant hills and the 
lilee. Because the blades 20 can be spun at rates of 3,000 rpm and higher, the 
25 blades are susceptible to wear by impact with ground and rocks, and also by particle 
erosion from pick-up of sand and loose soil particles. 

The blades 20 in a mowing apparatus represent a proportionately small 
portion of the entire equipment cost. Nonetheless, it is desirable to increase the 
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interval between blade replacements required due to wear, as blade replacement is a 
time-consuming operation during which the machine is out of service- 
There are two properties which are of chief concern in rotary cutter blade 
.function: hardness and toughness. Hardness is measured on the Rockwell C 
s Hardness Scale, and is a good measure of the material's resistance to wear. 

Toughness can be measured by the Charpy Notched Impact Toughness Test per 
ASTM E-23, and is a good indication of how the material will react to impact, in 
particular giving a reading on the material's tendency to fracture or crack. 

Conventional blade materials have typically relied on increased proportions of 
10 carbon in the steel to increase the hardness. However, increased hardness due to 
increased quantities of carbon in carbon steel will yield a reduced toughness which 
may cause a blade made of the material to foil the blade impact test, and, more 
^ . . importantly, may cause a failure of the blade in use. Typical toughness of prior art 

^ carbon steel blades is 8-16 ft. lbs of energy at 40-45 Rc. 

« Salutary toughness performance has been obtained by the use of steel alloys 

^ containing quantities of boron, referred to herein as "boron steels." Conventional 

^ boron steels such as 10B38 have been used with a hardness which is less than 

^ desired, typically in the range of 40-45 Rockwell C. Charpy notched toughness at 

^ this hardness is about 20-30 ft. lbs. of energy. 

20 The rotary cutter blade 20 of this invention is imparted with both high 

hardness and acceptable toughness by heat treating boron steel blanks to cause a 
metallurgical change in the blade structure. The treated blade has a hardness 
ranging between 48 and 55 inclusive on the Rockwell Hardness Scale and Charpy 
notch toughness of 15 ft. lb. or higher. 
25 The manufacture of the blade 20 begins with a roll of boron steel sheet stock 

30. The sheet stock is approximately the width of the final blade, and is a steel 
containing a quantity of boron, selected from the steels having the standard 
designations 10B36, 10B37, 10B38, 10B39, 10B40, 10B41, and 10B42, with 10B38 
being employed in the preferred embodiment. It should be noted that steel alloys 
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having concentrations interinediate between the standard levels noted may also be 
used. 

The moderate levels of carbon present in the boron steels employed allows 
the boron steel sheet stock to be formed into the desired blade shape in any 
conventional manner, but a preferred method, but a preferred method takes 
advantage of the ductility of the sheet stock 30 by cold forming the blade without 
heating. 

The sheet stock 30 proceeds from the roll to a stamping press 32, where it is 
made into a desired shape between dies. A progression of stations may punch holes, 
trim to a desired shape and length, shear or coin the cutting edges and form the 
blade into final or near final configuration. 

The final edge may be put on the blank in another station of the press, where 
shear beveling is used to sheer away the material to form an inclined, beveled edge.. 
The relatively low carbon content of the boron steels used provides for advantageous 
shear bevelling. High carbon steels are not well-suited to sheer bevelling because of 
the tendency of the high carbon steel to rapidly degrade the tool. The boron steel is 
also more machinable than high carbon steels and may be machined to produce 
edges or other features in separate operations. 

The formed and edged blade proceeds from the stamping press 32 "to a heat 
treatment station 34, where the blades are subjected to a heat treating process to 
elevate the hardness of the blade into a desired range of between 48 and 55 
Rockwell C. In one advantageous heat treating process, known as Marquenching, 
the formed blades are first heated to approximately 1560 °F. The heated blades are 
then quenched into a liquid salt bath at approximately 500 °F for about 20 seconds. 
The quenched blades are then withdrawn from the salt bath and allowed to air cool 
to room temperature. The cooled blades then proceed to a tempering station 36 
where they are tempered at 300 °F as a stress relief. 

Alternatively, the formed and edged blade may be subjected to an 
austempering heat treating process in which the blades are first heated to 
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approximately 1560 °F. lie heated blades axe then quenched into a liquid salt bath 
at approximately 500 °F for about 20 minutes. The quenched blades are then 
withdrawn from the salt bath and allowed to air cool to room temperature. This 
alternative process eliminates the need for further tempering. Scanning electron 
micrographs of blade material treated according to this process is shown in FIGS, 5 
and 6. The material illustrated is AISI 10B38 treated to a Rockwell Hardness of 50 
C. The Charpy V-Notch toughness of the sampled material is 18 ft-lbs. 

The micrographs were obtained by cross-sectioning the blade material with 
an abrasive cut-off saw, then mounting the material in a conductive medium. The 
cut face is polished with a 0.3 micron polishing compound, and the surface is then 
etched in 2 percent Nital etchant. This etching erodes away the softer material and 
lets the harder material, primarily iron carbide particles, stand up above the surface. 

For comparison purposes, a prior art blade material has been prepared and 
photomicrographed as shown in FIGS. 4 and 5. The material is AISI 9255, with a 
hardness of 46 Rockwell C, and a Charpy V-noteh toughness of 12 ft-lbs. The prior 
art blade material is of a type commonly used in Europe, and is used in imported 
disc mower blades. 

The ratio of volume of iron carbide to volume of ferrite is lower in the 
10B38 of this invention, than in the prior art AISI 9255 sample. However, there 
does not appear to be a significant difference in the morphology of the iron carbide 
particles. The greater volume of ferrite in the material of the present invention is 
believed to provide a structure with high toughness. 

A higher carbon content material will tend to have higher volume of iron 
carbide. However, increased carbon content will typically result in a loss of 
material toughness, depending on how the iron carbide is distributed in the structure. 

The effect of this heat treating process is to elevate the hardness of the boron 
steel. There is of necessity a decline in the material toughness. However, because 
of the iron carbide distribution and morphology of the medium carbon steel, the 
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heat-treated steel still retams.acceptable levels of toughness, while also being 
provided with superior hardness. 

The blade 20 of this invention is thus tough enough to survive impact, while 
at the same time is hard enough to offer extended wear life. 

It should be noted that although a disc mower blade has been disclosed, other 
rotary cutting blades may also be formed according to this invention, for example 
rotary lawn mower blades, flail blades, double edged blades, star blades, and other 
anvil-less rotary cutting arrangement blades may also be formed. Furthermore, 
although the Marquenching heat treatment process has been disclosed, other ' 
conventional heat treatment processes may be used to increase the hardness of the 
boron steel blade into the range of 48 to 55 Rockwell C. 

Although yielding a somewhat lesser toughness, a functional blade may be 
achieved by heat treating the formed blank in a conventional quench and temper 
process, involving quenching in oil,.polymer or water, followed by tempering at 
approximately 300 0 F. 

For example, a 10B38 blank heat treated with a water quench was 
determined to have a Rockwell Hardness of 50 RC and a Charpy notch test 
toughness of about 15 ft-lbs. 

It is understood that the invention is not limited to the particular construction 
and arrangement of parts herein illustrated and described, but embraces such 
modified forms thereof as come within the scope of the following claims. 
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